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INTRODUCTION 
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More than two dozen X-ray binary systems, which have been 
Cl^lassed as 'Black Hole Candidates' (e.g. Tanaka 1989; Stella 
^ et al. 1994), have now been detected in our galaxy and the 
» I Large Magellanic Cloud. In some cases the evidence for the 
presence of a black hole comes directly from dynamical stud- 
ies, e.g. Cyg X-l (Paczynski 1974), LMC X-3 (Cowley et al. 
1983), LMC X-l (Hutchings et al. 1987), A0620-00 (McClin- 
tock & Remillard 1986), GS2023+338 (Casares et al. 1992), 
and GS1124-68 (GRS1124-68) (Remillard et al. 1992). In 
others the evidence for the presence of a black hole is less 
direct; X-ray light curves and spectra indicate that the sys- 
tems are all members of a single class and show character- 
istics which are quite distinct from those of X-ray binaries 
known to contain a neutron star (e.g. Tanaka 1989; 1990). 

The X-ray spectra typically have a flat power-law high 
energy tail. In addition there is frequently an ultrasoft ther- 
mal component. Some sources are observed in two states. 
Among the best established black hole binaries a 'high' state 
with a composite spectrum including an ultrasoft component 
and a flat power-law type tail at high energies, is shown by 
Cyg X-l, LMC X-3, LMC X-l, A0620-00 and GS1124-68 
(Tanaka 1989; Ebisawa et al. 1994), while a low state in 
which the X-ray spectrum can be approximated by a power- 
law with photon index ~ 1.5-1.8 as shown by Cyg X-l (e.g. 
Tanaka 1989; 1990), GS2023+338 (in't Zand et al. 1992; Pan 
et al. 1993), and GS1124-68 (Ebisawa et al. 1994). When 
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We report the first detection of a hard power-law tail in the X-ray spectrum of the black 
hole candidate (BHC) binary X1755-338, which was observed in 1989 March-September 
during the TTM Galactic Centre survey. In addition, an ultrasoft thermal component 
with a temperature of ~ 1.1 — 1.4 keV was also detected. We demonstrate that the soft 
and hard X-ray components of X1755-338 vary independently, as in the spectra of the 
well known BHCs LMC X-l, LMC X-3 and GX339-4 in their high (intensity) state. If 
the hard tail observed from X1755-338 is generated near the black hole by energetic 
electrons up-scattering low energy photons, the un-correlated variations imply that the 
soft X-rays from accretion disc may not be the main photon seeds needed for inverse 
Comptonization. The TTM observations strongly suggest that X1755-338 does indeed 
belong to the family of BHCs. 
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BHC sources are in the 'high' state, the soft and hard com- 
ponents vary independently (e.g. Tanaka 1989; 1990). 

X1755-338 is an X-ray binary source located in the gen- 
eral direction of the Galactic Centre. It was previously noted 
as an unusually soft X-ray source by Jones (1977) and was 
suggested later as a black hole candidate by White & Mar- 
shall (1984), and White et al. (1984), based on its similar 
location to a group of BHCs on the X-ray color-color dia- 
gram. The Einstein SSS observations of X1755-338 (White 
& Marshall 1984) give an interstellar hydrogen column den- 
sity N H = (2.2±1.2) x 10 21 H cm" 2 , far below that expected 
from sources close to the Galactic Bulge. X-ray dips with 4.4 
hour period were observed from X1755-338 with EXOSAT 
(White et al. 1984; Mason et al. 1985). The X-ray flux in 
the 1-9 keV band decreases by as much as ~ 40% in the 
dips which appear to be energy independent as suggested 
by insignificant change of the hardness ratio from non-dip 
to dip periods (White et al. 1984). 

We observed X1755-338 in 1989 March-September dur- 
ing the period of the TTM Galactic Centre Survey. In this 
letter we present results of the TTM observations of X1755- 
338 and report the first detection of a power-law hard tail 
in the spectrum of X1755-338. 



2 OBSERVATIONS 

The TTM is a coded mask imaging spectrometer on board 
the KVANT module of the MIR space station. It has an 
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Table 1. Spectral parameters of X1755-338, GX339-4, LMC X-l & LMC X-3. 



Disc-blackbody^ 1 - 1 Power-law 1 
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r; n (cos i) 1 / 2 




Scale 


a 




r(4) , r(4) 
L DB + ^PL 


X 2 /dof 


X1755-338( 5 ) 
















89 Mar 31 




5.2 ± 2.0 


1.14 ± 0.22 


1.37 ± 0.43 


1.9 ± 0.9 


6 ± 12 


0.6 + 0.6 


24/25 


89 Aug 23 




5.2 ± 0.7 


1.33 ± 0.06 


0.88 ± 0.25 


2.7 ± 0.4 


< 1 


1.3 + 0.5 


30/24 


89 Sep 10 




5.1 ± 1.7 


1.28 ± 0.15 


2.33 ± 0.56 


2.3 ± 0.6 


< 3 


1.0 + 1.1 


17/24 


GX339-4 (5) 


















89 Mar 25 




18.1 ± 0.4 


n T o _l_ n in 
0. I 8 ± 0.01 


n cr n _l_ n no 
0.59 ± 0.08 


2.1 ± 0.3 


< 0.1 


1.0 + 0.1 


69/25 


LMC X-l (5) 


















88 Nov 13-Dec 


2 


39 ± 10 


0.83 ± 0.06 


0.25 ± 0.06 


2.7 ± 1.1 


< 5 


7.0 + 4.0 


21/25 


88 Dec 4-5 




36 ± 5 


0.90 ± 0.07 


0.72 ± 0.10 


1.2 ± 0.4 


< 2 


9.0 + 9.0 


22/25 


LMC X-3 (5) 


















89 Mar 2 




28 ± 4 


1.16 ± 0.07 


0.85 ± 0.03 


2.3 ± 0.2 


< 1 


19.0 + 12.0 


30/23 


89 May 30-Jun 


10 


24 ± 5 


0.94 ± 0.05 


1.06 ± 0.05 


2.1 ± 0.2 


< 2 


5.0 + 14.0 


29/25 


Notes: 


















(1) fin is 


the 


radius of the 


inner accretion disc in km and 


i the system inclinat: 


ion angle; T; n 


is the 



blackbody temperature in keV at r; n . See Makishima et al. (1986) for details. 

(2) a is the photon index and Scale in units of 10 -3 photons sec -1 cm -2 keV -1 at 10 keV. 

(3) Nft is the equivalent hydrogen column density in units of 10 21 cm -2 . 

(4) Xdb and ipL are the 2-30 keV luminosities of the disc-blackbody and power-law components 
in units of 10 37 erg sec -1 . Corrections are applied to take account of low energy absorption. 

(5) Distance to LMC X-l and LMC X-3: 50 kpc (Stothers 1983); to GX339-4: 4 kpc 
(Doxsey et al. 1979); and to X1755-338: < 9 kpc (Mason et al. 1985). 



8 degree square full-width at half-maximum (FWHM) field 
of view (FOV) and is capable of producing images with 2 
arcmin angular resolution in the 2-30 keV energy range. Its 
energy resolution is about 18% at 6 keV (FWHM) across the 
whole FOV. The instrumental details are given in Brinkman 
et al. (1985). 

In the period of the TTM Galactic Centre survey, we ob- 
served X1755-338 on 1989 March 20, 31, April 1, August 22- 
23, and September 9-10. During the observations, the source 
intensity varies in the range of 35-105 mCrab (2-10 keV). 
The X-ray intensity in 1989 August-September period ap- 
pears to be nearly twice that observed in 1989 March-April. 
The large data gaps in the TTM light curves prevent us from 
definitely identifying any X-ray dips. 



3 X-RAY SPECTRUM 

The X-ray spectra of X1755-338 have been extracted from 
images formed by a correlation technique in 31 energy chan- 
nels covering the energy range 2-30 keV. In order to achieve 
better statistics, we have studied the X-ray spectrum ac- 
cumulated during each observational day. We find that the 
source spectrum consists of an ultrasoft thermal component 
and a hard tail above ~ 6 — 10 keV, which is similar to the 
high state spectrum of the BHCs LMC X-l, LMC X-3 and 
GX339-4, also observed with the TTM. To our knowledge, 
this is the first time that a hard tail has been observed from 
X1755-338. 

We have modelled the hard tail with a power-law of 
photon index ~ 2, and the ultrasoft thermal component 
with several models; a blackbody; a multi-temperature disc 
blackbody (Mitsuda et al. 1984; Makishima et al. 1986); 
unsaturated Comptonization (White et al. 1985); Sunyaev- 



Titarchuk (1980) Comptonization. All of these models give 
adequate descriptions to our data and we cannot distin- 
guish a 'best' model with the statistics available. Treves 
et al. (1990) have argued that the unsaturated Comptoniza- 
tion model cannot apply in the case of LMC X-3 since the 
parameters obtained in fitting the GINGA spectra of this 
source are not mutually consistent. On the other hand a 
single blackbody model is unlikely to be realistic. For the 
present work we have chosen to present the data in terms of 
a model comprising a multi-temperature disc blackbody and 
a power-law. Low energy absorption is considered, using the 
model of Morrison & McCammon (1983). We list in Table 1 
the derived spectral parameters for the X1755-338 spectra 
obtained on 1989 March 31, August 23, and September 10, 
together with those of LMC X-l, LMC X-3, and GX339-4. 
The errors quoted in Table 1 are at the 90% confidence level. 

We plot in Fig. 1 three spectra of X1755-338 (see Ta- 
ble 1). In each case a significant hard tail is seen in the 
15-30 keV region. Comparing two spectra on August 23 and 
September 10 we note that while the X-ray flux below about 
8 keV remains almost unchanged, the flux above 8 keV sig- 
nificantly increases from August 23 to September 10. The 
flux in the range 8-30 keV in the spectrum of March 31 
is between those observed on August 23 and September 9. 
However, the flux below 8 keV on March 31 is almost a factor 
of two lower than in the other two spectra. 

For comparison, we also plot in Fig. 1 the spectra of 
LMC X-l, LMC X-3 and GX339-4. Similar independent vari- 
ations of the two spectral components are also seen in the 
case of LMC X-l and LMC X-3. While the low energy X- 
ray intensity of LMC X-l changes very little between 1988 
November 13-December 2 and December 4-5, there is a con- 
spicuous increase in high energy band tail on December 4-5. 
On the other hand, while the hard tail of LMC X-3 shows 
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Figure 1. X-ray spectra of X1755-338, GX339-4, LMC X-l, and LMC X-3 from TTM observations. The dash line represents the disc 
blackbody component and the dash-dot line is the power-law tail. 
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little change between the observations made on 1989 March 
2 and May 31- June 10, the fluxes below 8 keV differ by more 
than a factor of two. It is clear from Table 1 that the soft 
X-ray variation of X1755-338, LMC X-l and LMC X-3 is 
due mainly to the change in the temperature of the soft X- 
ray emission region. When the temperature increases, the 
source become brighter. 



4 DISCUSSION 

The KVANT/MIR observations of the BHCs Cyg X- 
1, GS2023+338, GS2000+25, 1E1740. 7-2942 and GX339-4 
show that the hard power-law emission extends up to 130- 
500 keV (Sunyaev et al. 1992; Skinner et al. 1991; Dobere- 
iner et al. 1989), which indicates that the hard power-law 
emissions of these sources must come from a very high tem- 
perature region, presumably close to the black hole, which 
is hot and transparent. In the 'two-temperature' disc model 
by Shapiro et al. (1976), soft photons, both internal and ex- 
ternal, are Compton up-scattered in a hot plasma (~ 10 9 
K) to generate the hard X-ray emission. Our observations 
reveal no correlation between soft and hard X-ray compo- 
nents, as in the case of other BHCs in their high state. The 
un-correlated variations may suggest that the external soft 
photons from the accretion disc are not the main seeds for 
the inverse Comptonization because the change in the num- 
ber of photons injected from the accretion disc as the soft 
component varies would then make the Comptonized com- 
ponent vary accordingly. 

Although the spectra of X1755-338, LMC X-l, LMC X- 
3 and GX339-4 look similar, there are significant differences 
among their spectral parameters. The temperature of the 
soft component of the spectra of X1755-338 is significantly 
higher than other sources (see Table 1). The parameter 
rin(cosi) 1 / 2 of the disc blackbody, which is derived from the 
disc blackbody normalization, taking into account the source 
distance, is also different. The mean values of rin(cosi) 1 ^ 2 
found from fitting the spectra of LMC X-l, LMC X-3 and 
GX339-4 are 37, 26 and 18 km respectively, all greater than 
the value of 9 km, which is three times Schwarzschild radius 
of a black hole with solar mass. However for X1755-338 the 
value of r; n (cos i) 1 / 2 is only about 5 km. If the compact ob- 
ject of X1755-338 is indeed a black hole and we take 9 km as 
the lower limit of the radius of the inner accretion disc r; n , 
then the lower limit of the inclination angle i can be derived 
and is i > 72°. 

In summary, the TTM observations of X1755-338 show 
that the spectrum of X1755-338 can be fitted with an ul- 
trasoft thermal component and a hard tail above ~ 6 — 10 
keV, which is similar to the tails found in the well known 
BHCs LMC X-l, LMC X-3 and GX339-4. The observations 
strongly suggest that X1755-338 does indeed belong to the 
family of BHCs. 
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